Summary The occurrence of different intercellular junctions in epithelial rat skin tumours induced by methylcholanthrene was investigated using thin sections and freeze-fracture replicas examined by electron microscopy. Tumours which appeared first were basal cell carcinomas. Later, different tumours of hair follicle and of sebaceous gland origin were formed. Finally, in the majority of tumours a squamous component evolved. Metastases developed from the squamous carcinomas exclusively.
In earlier studies of the invasiveness and metastatic capacity of various tumours particular attention has been paid to the investigation of junctional complexes. From these it has been found that the occurrence and development of different junctions appears to be related to the degree of tumour differentiation (Loevenstein, 1968; McNutt et al., 1971; Staehelin, 1974; Weinstein et al., 1976) . Moreover, evaluation of the types of junctional complexes present in different tumours may also add to our knowledge about metastasis formation (McNutt et al., 1971; 1976; Weinstein, 1976; Pauli et al., 1978) .
The locally invasive human basal cell carcinoma grows slowly and exceptionally rarely forms metastases. The occurrence and structure of the junctional complexes well characterizes the different phases of invasive growth of these tumours (Posalaky et al., 1979) .
The pure forms of rat skin basocellular carcinomas are similar to the human examples in their morphological appearance and natural history. However, the frequent pilosebaceous differentiation and the simultaneously appearing squamous component in some experimentally induced skin neoplasms show that considerable differences exist (Zackheim, 1973; Sugar, 1981) . The pure basal cell tumours never develop metastases, while in some cases of the later appearing squamous tumours, metastases appear in the regional lymph nodes or in the lungs.
The objective of the present study was to ascertain whether the presence or absence of certain types of intercellular junctions could be correlated with the invasive or metastatic behaviour of different histological types of skin carcinomas. The junctional complexes of experimentally induced rat skin tumours and their metastases were examined by thin section electron microscopy as well as by freeze-fracture studies.
Materials and methods
Skin tumours were induced in male Wistar rats by topical application of 3% methylcholanthrene, dissolved in acetone. The back skin of the animals was painted three times weekly for a year. The first lesions appeared in the sixth month after the beginning of treatment, as previously described by Sugar (1981) . In this investigation we studied the sequential changes in the skin tumours of 96 animals by light microscopic investigation of 147 biopsies from the primary lesions and in 13 samples from the metastases. The first biopsies were taken when the primary tumours were 3-5 mm in diameter (between the 6th-8th month after the beginning of the treatment) and the biopsies were repeated in the 9-17th month when the tumours were fully developed (1.5-2.5cm in diameter). biopsies of fully developed squamous carcinomas without evidence of metastasis, and in 7 squamous tumours with their metastases. To confirm the data of thin section electron microscopy, 3 basal cell tumours, 2 squamous carcinomas and 2 metastatic deposits of the same tumours were evaluated by freeze-fracture technique. All the basaliomas were taken between the 20th and 28th week of the experiments, the 9 squamous tumours without evident metastases were sampled between the 14th and 16th month, and the primary tumours with their metastases were sampled when the animals were sacrificed between the 18th and 24th month.
For light microscopic evaluation paraffinembedded, haematoxylin and eosin stained sections were used. Thin section electron microscopy was carried out according to standard procedures. For freeze-fracture electron microscopy the tissue blocks were fixed in 0.1 M phosphate buffered glutaraldehyde at pH 7.2 for 2 h at 4°C. The fixed blocks were quenched in Freon 12 cooled by liquid nitrogen. Freeze-fracture was . carried out in a Balzers 510 type freeze-etch apparatus as described previously (Lelkes et al., 1982) . Replicas were cleaned in 5% sodium hypochlorite, washed with distilled water, mounted on uncoated 300 mesh grids and investigated in a Philips EM300 electron microscope.
a Results Light microscopy Tumours were classified light microscopically according to cell type and histological pattern. Different tumour types dominated at the various time intervals examined. The earliest alterations were dysplasias, accompanied by multiple or solitary basaliomas (Figure la) . All but two of the pure basaliomas were obtained from the first biopsies, between the 20-28th week. Tumours of trichoepithelial origin or sebaceous components within the basaliomas appeared later, after the development of simple basaliomas. In the majority of tumours the squamous component appeared at the end of the first year after the beginning of the treatment. In these cases small foci of squamous cells appeared in the centre of basal cell nests. Later, the squamous component became dominant, and between the 14-16th months several pure squamous carcinomas arose. At first, keratinization was observed in the squamous carcinomas ( Figure  lb ), but later in numerous tumours the pearls of keratin disappeared.
In 13 animals metastases developed either in the lungs (5 animals) or in the lymph nodes (8 animals). Basal cell components were found in two metastases, but the histological structure of these lesions was similar to the majority of the metastases being predominantly non-keratinizing squamous carcinomas.
Thin section study Numerous desmosomes were observed both in the basal cell and the squamous tumours, and in the metastases as well. We could not see any numerical differences between the squamous tumour samples taken in early or late time, nor between the metastatic and non-metastatic tumours. In addition to the desmosomes, gap junctions were visible in the basaliomas, but not any tight junctions. All the three junction types of the normal squamous epithelium were present in the squamous cell tumours, both in the metastatic and non-metastatic varieties (Figure 2 ). In the secondary deposits, however, both the gap and tight junctions disappeared. No other types than desmosomes could be seen. Freeze-fracture studies In pure basaliomas the presence of desmosomes and gap junctions was also confirmed by freezefracture technique. Tight junctions, however, could not be found even by this method (Figure 3) .
In squamous carcinomas all types of junctions could be demonstrated and it was confirmed that tight junctions were only found in this type of neoplasm. Freeze-fracture revealed many more tight junctions than thin section electron microscopy. The isolated, short or branching structures, solitary maculae or networks of short lines may be considered as different stages of development (or in some cases as degradation products) of the junctions. Gap junctions found in these tumours were often associated with the tight junctional complexes. The gap junctions seen in squamous tumours were more heterogenous in size and more numerous than those found in basaliomas ( Figure  4) .
As with the thin sections, desmosomes were the only types of junction which could be demonstrated in metastases. Both gap and tight junctions were absent. It was also noted that the desmosomes were smaller than those in the basal or squamous cell tumours ( Figure 5 ). 
Discussion
Recently the role of junctional specializations in different processes has been widely investigated. However, the relationship of the junctions to the behaviour of tumours has been studied mainly in human neoplasms.
The distribution of different junctional complexes in tumours and premalignant states was surveyed by Weinstein et al. (1976) . They agreed with McNutt et al. (1971) , that in pre-malignant states there was a statistically significant decrease in the frequency of gap junctions. McNutt et al. (1971) found few gap junctions in carcinoma in situ of the cervix but they reported poor temporal correlation between the development of severe gap junction deficiencies and tumour invasion. These findings sustained, however, the possibility that the loss of gap junctions is one of pre-requisites required for stromal invasion. In relatively well differentiated areas of human tumours they found several gap junctions, but none in poorly differentiated areas. The numerical decrease of desmosomes and appearance of desmosome-free cytoplasmic processes has been described not only in squamous tumours, but also in pre-malignant lesions of the epithelium (Klingmuller et al., 1970; Fisher et al., 1972; Sugar, 1972; Lever & Schaumburg-Lever, 1975; Schindler et al., 1982) . In the developing invasive character of tumours, McNutt (1976) suggested that the decreased number of hemidesmosomes may play a significant role.
In studies of human basal cell carcinomas, Posalaky et al. (1979) found desmosomes, tight junctions, and gap junctions in the membrane interfaces. They supposed that the presence of the gap and tight junctional structures was important to the low invasive character.
For elucidating the role of intercellular junctions in metastasis formation, Weinstein et al. (1976) recommended the examination of junctions in metastatic deposits. However, the presence of junctional complexes have until now been investigated only in metastases from a few human tumours (Gondos, 1969; Letourneau et al., 1975) .
The morphology and distribution of intercellular junctions in normal squamous epithelium of the rat were investigated by Shimono & Clementi (1976) . As in normal human skin, gap junctions could be observed in all but the superficial cornified layer of the normal epithelium, while tight junctions were localized exclusively in the upper spinous layer. Our data have shown that the junctions of the basal cell tumours corresponded to those in the immature, basal layer of the normal epithelium, and the junctional complexes of the squamous tumours were similar to those in the normal spinous layer.
In our samples, the presence of the gap and tight junctions was not a sign of less invasive character. Moreover, the tight junctions occurred only in the occasionally metastasising squamous tumours. Evaluating the squamous tumours at different times it was not possible to differentiate types of junctions with specific stages of tumour development.
In the present study junctions both in primary tumours and their metastases were investigated simultaneously, in the fully developed stage of the tumour. We have no data on the status of the junctions at the time of the release of the metastasis forming cells. Although the role of intercellular junctions cannot be proven from the observations on fully developed tumours, the findings in the secondary deposits would be compatible with the supposition that cell shedding might be facilitated in the absence of junctions. Then the junction depleted phenotype might be favoured during the development of metastases.
It cannot be excluded, however, that the metastasis-forming cells originate from the junctionconnected populations, and lose their original junction-forming ability by dedifferentiation. Therefore, the presence of gap and tight junctions in the primary tumours does not necessarily indicate low metastatic capability.
